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Summary
Because MM male mice suffer from a high incidence of urinary tract infection, an assessment was made as to whether the urethral plugs, which occur in male rodents, might be involved in its aetiology. When killed, males more commonly retained urine in their bladders than females but there was no significant difference between strains or method of killing. Males also voided urine more often during stressful handling followed by abdominal pressure, but also retained some urine more often than females. The study of sexually immature mice demonstrated no sex differences and no urine was retained in any bladder. It was concluded that the high frequency of urine retention in mature males is attributable to the presence of urethral plugs but these could not be implicated in the cause of MM urinary tract infection because of comparable findings in the controls. However, the possibility was considered that the plugs might facilitate infection of the kidneys once a bladder infection had become established.
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In sexually mature male mice, plugs of rubbery/ waxy material are found in the urethra (Silverstein, Sokoloff. Mickelsen & Jay, 1961) resulting from the coagulation of seminal vesicle secretions by vesiculase excreted by the coagulating glands (Walker, 1910) , These urethral plugs have been detected in all adult male mice (including germ-free) studied in this Unit (Taylor, 1983) and, in agreement with Kunstyf, Kupper, Weisser, Naumann & Messow (1982) , are not usually associated with urethral pathology.
Because the males of 1 of our inbred mouse strains (MM) suffer from a 46% incidence of ascending pyelonephritis (Taylor & Fraser, 1975) , it was decided to assess whether or not the urethral plugs in that strain were having any effect on the dynamics of micturition compared with a control strain (C57BL).
Materials and methods
The SPF mouse-strains C57BL/FaDk and MM/Dk were inbred in this Unit and were barrier maintained in polypropylene 'shoe-box' cages with stain-± 1°C with a relative humidity of 55 ± 5%. Light cycles consisted of alternating 12-h periods of dark and light. Hypercapnic intoxication was carried out by placing mice in polythene containers flooded with carbon dioxide gas until dead.
Results
Sexually mature mice aged between 45 and 60 days were divided into 2 groups and killed by different methods (see Table 1 ) having first screened them to ensure that none had urinary tract infection. This was done by bacteriological examination of urine by microscopy (wet preparation and Gram stain) and culture (blood agar and MacConkey agar). Observations were made on urination at death, and the presence of urine in the bladder post-mortem. Males more commonly retained some urine in the bladder compared with females (P < 0·001 for MM and C57BL) with no significant differences between strains or methods of killing (Table 1) . Males killed by hypercapnic intoxication urinated at death more frequently than females (P < 0·01 for MM; P < 0·02 for C57BL) as did the neck-fractured C57BL mice (P < 0·01) but the difference for the neck fractured MM mice was not significant. Although the overall incidence of urination at death is significantly higher in the males, they usually excreted only a few drops of urine compared to the considerable volumes voided by the females, accounting for the higher frequency of empty bladders post-mortem in females. Furthermore, when females did retain urine in the bladder, the volumes (not measured) were considerably smaller than in the males.
To confirm that males had urethral plugs, the urethra was exposed and severed just above the bulbo-urethral gland. Plugs were found in all males. It was noticed in males of both strains with retained urine that when the portion of plug in the upper urethra was gently removed with forceps, urine flowed from the severed urethra. In contrast, there was no urinary flow from females with retained urine when the urethra was severed at the same Taylor point, as judged by the distance between the neck of the bladder and the point of incision in the male urethra. This, however, was not surprising since the residual female urine volumes were considerably less than for the males, with possibly a consequent reduction in bladder pressure. None of the animals in this experiment was found to have any abnormalities at autopsy. To follow up, sexually immature MM and C57BL mice (10 females and 10 males of each strain), aged between 13 and 16 days were killed by neck fracture, and similar observations were made. In all cases considerable voiding of urine occurred at death or during handling beforehand and in no case was urine retained in the bladder. As expected, urethral plugs were not present in the males.
The final investigation was to study the ease with which micturition occurred in MM females compared with males. In this experiment, females and males of comparable ages between 50 and 391 days were examined for (a) micturition on stressful handling, in this case a mock presentation for intraperitoneal injection; (b) micturition assisted by gentle abdominal pressure following procedure (a); (c) the further voiding of urine following neck fracture and (d) the presence of residual urine in the bladder post-mortem. The results are presented in Table 2 .
These data illustrate that. upon stressful handling. female MM's void urine (profusely) more commonly than males. With abdominal pressure, males urinate more than females (smaller volumes), and after death, males much more commonly have residual urine in the bladder. As before, none of the animals had any abnormalities, and it was confirmed by urethral incision that all males had urethral plugs. Again, in those males with retained urine, removal of the plugs resulted in urinary outflow from the severed urethra.
Discussion
The results demonstrate that sexually mature female mice more readily void urine than males. Since this difference was not found in sexually immature mice it can be concluded that the urethral plugs, which appear with sexual maturity in the males, are responsible for some impairment of urinary flow. However, because the degree of impairment was comparable in C57BL and MM mice, urethral plugs cannot be implicated as a prime aetiological factor in the urinary tract infections found in the latter. Nevertheless it is possible that the reduced urinary flow could be detrimental to the outcome of bladder infection, once established, because retention of urine in the bladder after micturition aids the persistence of such infections (Roberts, Clayton & Bean, 1968) , thus making renal infection more likely. Furthermore, it is known that the size of urethral plugs and the frequency of their expulsion by spontaneous ejaculation is increased in single sex grouped males (such as the mice in this study) by various factors including social dominance and 
